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Research performed wholly or partially with support of this contract, in various categories,

will be summarized briefly. Numbers in brackets refer to the list of publications appended.

(a) Tearing resistance in sheets and shells

-L3 On the basis of the Dugdale model, approximate weight-function procedures for crack

analysis, and a crack-opening shape criterion for continuing crack growth, theoretical curves for

tearing resistance (J vs. crack growth Ac) were derived for thin flat sheets of finite size[fj, The

substantial effects of finite specimen size and initial tearing resistance were thereby revealed.

This work was extended to circumferential cracks in cylindrical shells subjected to bending

for which crack growth resistance curves, $moment vs. Ac, J vs. Ac) were calculated via

approximate analytical solutions of the semi-fiembrane equations of shell theory [9, 10].

(b) Growing-crack asymptotics

'-'The singular fields around the tips of growing cracks in linear-hardening materials were

calculated for a variety of conditions (plane stress, plane strain, modes I, II, III). [4, 5, 61.,The

actual magnitude of the singularity strength (in addition to its type),was also calculated, for steady

crack growth, as a function of the applied stress-intensity factor and the strain-hardening of the

material. [7]_. . -
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(c) Toughened ceramics

(i) Ductile particle toughening. The increase in fracture toughness of brittle ceramics

via small, ductile-particle inclusions w inalyzed on the basis of their effects in bridging the

opposing faces of a crack as it grows in the matrix [11]. The effects of particle size, ductility, and

strength were elucidated, resistance curves were d -rived, and correlations were made between

toughening and bridging length. This initial study was based on the assumption of small-scale

bridging.

(ii) Fiber toughening. The toughening effects of aligned, frictionally constrained fibers

were analyzed [14]. Here too the primary toughening mechanisms is crack bridging. A correlation

was made with the results of earlier work on the matrix cracking (with unbroken fibers) of fiber-

reinforced ceramics, and the toughening was related directly to the critical matrix cracking stress

and the fiber strength.

(iii) Transformation toughening. The toughening effects of phase-transforming

particles (ZrO2) were studied in a series of papers. In all of this work, a simple hydrostatic-stress

criterion was assumed for the "supercritical" (i.e. complete) production of the phase

transformation, which was assumed to be purely dilatational. A full solution for steady-state crack

growth was carried out in [12], extending incomplete earlier work. The problem of transient crack

growth in the presence of transforming particles was solved in [15] over the full range of growth

from initiation.to steady-state. Remarkably, peak toughening was found to occur at finite amounts

of crack growth.

Transformation strengthening may be defined as the increase in ultimate tensile strength,

due to the presence of phase-transforming particles, when the strength is governed by the worst

flaw in the brittle matrix. A study of transformation strengthening was carried out in [16] by

analyzing the growth of cracks of finite size. Roughly speaking, it was found that "poor" material

-- that is, material containing large flaws -- could be strengthened appreciably by phase-

transforming particles; but material that is "good" to begin with can not be expected to gain much

strength form ZrO2 reinforcement.
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(iv) Synergistic effects. The combined toughening effect of both ductile and

transforming particles during steady-state crack growth were derived in [ 13]. Parametric ranges

were discovered in which the separate effects combined synergistically, that is, the net toughening

ratio was nearly the product of the individual toughening ratios. This work was extended in [ 17],

wherein the transient crack-growth problem was solved, and similar synergistic ranges were

discovered for peak toughening at finite amounts of crack growth.

(d) Cellular materials

Three papers have been written on the elastic behavior of pressurized cellular materials [8,

18, 19], in connection with the properties of lungs. In this work a dodecahedral model was

exploited as the representation of an equivalent cell in order to deduce increment elastic moduli in

the presence of internal pressure.
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